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The prevalence of sexual reproduction among animals and plants attests to the 
great adaptive value of this mechanism. Members of sexually reproducing popula- 
tions share a common gene pool from which a virtually unlimited number of 
genetic recombinations can be obtained through cross-fertilization, thus achieving 
the genetic variability that in the long run enables species to survive environmental 
change. There is also evidence that in Mendelian populations the heterozygous 
condition 1s superior in fitness to the homozygous one, heterozygous individuals 
showing greater adaptability to environmental variables. 

Uniparental reproduction, on the other hand, prevents a species or race from 
acquiring new genotypes through recombination, and mechanisms such as partheno- 
genesis, gvnogenesis and self-fertilizing hermaphroditism have been considered to 
lead into evolutionary blind alleys. Uniparental reproduction, to be sure, may be 
of temporary advantage in that favorable gene combinations can be maintained and 
rapidly passed on to future generations. All races and species that normally re- 
produce by these three mechanisms are composed of clones, the members of which 
have identical genotypes. In ameiotic parthenogenesis, the eggs do not undergo 
reduction divistons and the individuals arising from them are heterozygous, the 
degree of heterozygosity steadily increasing as gene and chromosome mutations 
accumulate. If this goes to the extreme, the two sets of chromosomes eventually 
become so dissimilar that the genome can no longer be considered diploid (White, 
1954). In meiotic parthenogenesis the offspring may have arisen from haploid 
eggs. the diploid condition being reestablished either by the fusion of the egg 
nucleus with the second polar body nucleus or by the suppression of the first cleavage 
division. The first pathway leads to homozygosity within a few generations while 
the latter results in complete homozvgosity in a single step. Hermaphroditism, 
when coupled with self-fertilization, results in a sharp decline in heterozygosity, 
leading to a population of homozvgous individuals within 7 to 10 generations—in 
fact it constitutes the ultimate mode of inbreeding. 

severaletvpes-orspartlenosenesiscare of regular occurrence ма Се рК О 
of invertebrates (Suomalainen, 1962; White, 1954), but well-documented cases of 
uniparental reproduction in vertebrates are extremely rare and each instance 
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deserves special attention. A few teratological cases of self-fertilization resulting 
in uniparental offspring have been described in the guppy, Lebistes reticulatus 
(Spurway. 1957 : Comfort, 1961), and Kilby and Kallman (unpublished) observed 
several cases of parthenogenesis in the mosquito fish, Gambusia affinis. Partheno- 
genesis has been found sporadically in a race of the domesticated turkey (for sum- 
mary see Olsen, 1962). 

Parthenogenesis occurs normally in several all-female subspecies of the 
Armenian lizard, Lacerta suwicola (Darewski and Kulikowa, 1961), and is sus- 
pected to occur in several other species of lizards in the genus Cuemidophorus 
(Maslin. 1962). dn fishes, Hubbs and Hubbs (1952. $986) <discowered that 
Mollienesia formosa exists only as females, which reproduce by gvnogenesis follow- 
ing insemination by males of related species. The sperm merely activates the eges 
without contributing any genetic material. (Grynogenesis has also been reported 
to occur in certain populations of the cyprinid Carassius auratus gibelio (Lieder, 
E539; 

Confusion exists in the literature with respect to the occurrence of hermaphro- 
ditism in fishes. In contrast to the assertions found in many recent text books and 
reviews, that the Sparidae are functional hermaphrodites Remboth (1962) points 
out that in the order Perciformes simultaneous functional. hermaphroditism 15 
restricted to certain species of serranids, protogyny occurs 11 some serranids, sparids. 
centracanthids and labrids while protandry is found in certain sparids. Among 
normally hermaphroditic pereifornis, only in serranids are ovarian and testicular 
portions of the gonad active simultaneously. The eggs and sperm are emitted 
through separate ducts, and self-fertilization has been obtained experimentally in 
Serranus scriba. (Reinboth, 1962; Salekhova, 1963) and in S. subligarins (Clark. 
1939), Nevertheless, observations by all three investigators, in large-sized aquaria 
or in the natural habitat, indicate that spawning activity is initiated between two or 
more individuals, and it seems likely that cross-fertilization 1s the rule. 

With the recent discovery of Rreulus iiarmoratus (Poey) along the Florida East 
Coast (Harrington and Rivas, 1958) and the subsequent finding that all collected 
specimens tested and most of their known descendants were functional, consistently 
seli-fertilizing, oviparous hermaphrodites (Harrington, 1961. 1963), the possible 
homozygosity of these hermaphrodites and of their uniparental descendants came 
into question. The present report concerns the unique genetic relationship existing 
between normal seli-fertilizing parents and their offspring. The tissue trans- 
plantation test (Калап, 1962) has been used to determine whether parent and 
offspring have identical genotypes. 


MATERIAL Лр. ETIIODS 


Six self-fertilizine hermaphroditic A. marioratits, collected in 1961 in their 
natural habitat near Vero Beach, Florida, and their descendants were used in 
the experiments described below. From the time of their capture the wild fish 
were kept isolated in small aquaria, and all future generations originated from 
individuals raised ab ovo in individual glass jars. Fach egg thus allocated to its 
own rearing jar was obtained at the precise moment it was emitted. Coviposited ) 
by its hermaphrodite parent (for details, see llarringtou, 1903). Тһе six 
procenitors were designated FL NI, ШОР. OBSS and МУ. 
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For ready identification of individual fish the following system has been 
adopted. ‘The first letter following the hyphen always identifies fish of the first 
laboratory generation, the second and third letters identify the fish of the second 
and third generations, respectively. Thus DS-4CH is a third generation fish, 
"H." the offspring of second generation fish "C" which in turn was derived from 
fish "A" of the F, generation. The original progenitor was DS. 

Anal, dorsal and caudal fins, hearts and spleens were transplanted according to 
a method described previously (Kallman and Gordon, 1958; Kallman, 1960). 
These structures were selected, because they can easily be grafted and their fate 
readily ascertained. Inadequate numbers of fish in certain lineages made it 
necessary to take more than one graft from the same donor and to give some 
hosts two transplants, from different donors. To increase the number of grafts 
that could be obtained from a fish, the caudal fin of the donor was often split into 
two halves along the midlateral plane and the spleen (in large donors), divided 
into two parts. In grafting, the transplant is inserted into a slitlike pocket cut 
into the musculature of the caudal peduncle. The suspensorium of the fin graft is 
pushed into the pocket with a blunt needle, while the external portion of the fin 
protrudes from the mouth of the pocket. As a consequence of being denervated, 
the transplanted fin initially undergoes degeneration, starting at its distal end, 
but six to eight days later, upon reinnervation, regeneration ensues. Spleen and 
heart grafts are pushed into similar pockets. Graits are prevented from falling 
out by muscle contraction around the pocket. Nevertheless, two days after the 
operation all hosts were examined under a dissecting microscope to learn whether 
any graft had been lost for mechanical reasons. 

Attempts to transplant scales according to the method of Hildemann (1957) 
proved impractical for two reasons. The scales of ARivulus are small and delicate 
and the integument 15 covered with a heavy laver of mucus that makes it difficult 
to insert a scale graft into a scale pocket of the host. In these fish, it is also 
difficult to distinguish a successfully transplanted scale from the many scales of 
the host that are similar in size and color. 

The age ої laboratorv-reared donors ranged from 20 to 163 days post 
hatching and that of the hosts from 34 to 536 days. In addition, one donor 
(NSU) and two hosts (ЕТ, NA) were brought in from the wild already fullv 
mature sexually and were perhaps about a year old. All fish were maintained in 
isolation from other fish, in 40% sea water (distilled water and filtered sea water) 
СООО ООС $0209 and averaging 25° C.: they were ted 
on brine shrimp nauplii and mosquito larvae (tedes sp.). Their solid wastes and 
uneaten food were siphoned out each day; the water was filtered once a week. 
and changed completely at the first signs of cloudiness. With the exception of 
a single fish that died within three months aíter the operation, all hosts were 
maintained for seven months or longer. 


RESULTS 


Intra-sib grafts were made in 26 different host-donor combinations (Table 1) to 
determine whether sibs possess identical genotypes. Five hosts (#8, 10, 14, 16. 
18) each received two grafts from the same donor to bring the total number of 
mitra sib grafts to 31. In these five combinations, the hosts were of appreciably 
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larger size than the donors, the dorsal fin of the donor being much smaller than 
the scales of the host, and it was feared that because of their small size the grafts 
might become damaged or nught be resorbed, even when host and donor possessed 
Two gratts were therefore implanted into the hosts in the 


compauble genotypes. 


hope that at least one of the grafts would fulfil the surgical requirements for survival. 
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Fate of intra-sib grafts in Rivulus marmoratus 
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Criteria of graft survival 

normal histology 

hin distorted, projects 
from body wall at site 
of implantation. 

asin #2 

usin #2 

asin #1 

asd 

as in #2 

heart beating, both grafts 
possess normal his- 
tology 

no trace of graft found in 
serlal sections 
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па imbedded in muscula- 


ture, normal histology 

asin #11 

asin #1] 

heart beating, no trace of 
spleen found in serial 
section 
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heart beating, Пп as tn 
#11 

asin #11 

asin x [6 

heart beating, normal 
histology 
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spleen bright red at graft 
site 
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* Age of host at time of operation not known exactly, since parent was not monitored for 


eges during a five-day period. 
** Number of days after the operation at which hosts died or were sacrificed and condition 
of grafts ascertained. 
*** lost still alive and fin graft in excellent condition 730 days after the operation. 
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Fictre 1. Ventral view of Rivulus CN L-T) bearing а caudal fin transplant from one of its 
offspring (.NL--1L4) on its right side slightly above anal fin. Transplanted fin is deformed. 
Photographed 514 days after the operation. X 2.5. 

FicvRE 2. Cross-section through the proximal portion of a caudal fin transplant (V A-a — 
NA). The two large cellular bony elements are hypural bones oi the basal plate of the caudal 
fin. The dark acellular bones (cireular) are the external fin rays. Notice the loose connective 
and adipose tissue between the fin rays and the periosteal layer surrounding the hypurals. 
Host was sacrificed 234 days after the operation. X 180. 

Figure 3. Cross-section through the distal end of an anal fin transplant (DS-a > DS-H) 
which had been deeply inserted into the musculature of the caudal peduncle. No external fin rays 
regenerated, but inside the skeletal muscle the fin epidermis had rounded up and formed a vesiele. 
Numerous goblet cells, very typical for Rivulus, can be seen in the epidermal layer facing the 
vesicle. The dermis borders at the musculature. In the proximal region of the graft (not 
shown here) the other elements of typical fins were found. Host was sacrificed 484 days after 
the operation. X 180. 
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The fate of seven fin transplants could readily be ascertained by Macroscopic 
examination at the time when the hosts were sacrificed. "The transplants had 
grown into typical fins which, however, were distorted as a result of the twisting 
and injury of the fin rays at the time of the operation (Fig. 1). "The fate of nine 
other fin grafts was verified by histological examination. In these hosts, the fin 
стап, which were very small, had been pushed deep into the musculature of the 
host. and its integument had closed over the mouth of the pocket before the fin 
could regenerate. Serial sections revealed all the elements of typical fins imbedded 
in the musculature ( Fig. 2). In some cases the fin epithelium of the “external fin" 
had formed a vesicle (Fig. 3). the inside of whieh was lined by the fin epidermis 
with its characteristic mucus cells. Failure to regenerate an external fin in these 
cases has nothing to do with an immunological reaction. It merely resulted from 
the fact that the fin had been inserted rather deeply into the pocket. 

The heart grafts became vascularized within three to four days after the opera- 
tion and some of them resumed their rhythnuc contraction as early as the second 
day after the operation. All heart transplants were still beating at the time the 
hosts were sacrificed. Histological examination of all heart transplants failed to 
reveal any degenerative changes (Fig. 4). 

The spleen graft could often be seen through the skin as a dark red structure 
mmbedded in the musculature. The transplanted spleens proved indistinguishable 
histologically from the host spleens (Fig. 5). It should be noted that two of the 
hosts, P" T-c and FT-d, had also received a second transplant from a donor belong- 
ing to a different line (Table THI). "These inter-line grafts were rejected. At the 
end of the experiment all but two of the 31 intra-sib grafts were found. One of 
Mese two, host P7-£5,. had received a spleen and a heart ШР frome? elon 
pushed deeply into the museulature of the caudal peduncle. At the same time, the 
anal fin of a second donor, / 7-7, was implanted just anteriorly to the heart and 
spleen grafts. During the operation the anal fin was damaged. On the seventh 
postoperative day the fin and the area around the pocket were greatly inflamed 
and the graft appeared to be disintegrating. Fourteen days after the operation 
only a few fin rays were seen. There was no indication of any regeneration. The 
host was finally sacrificed 236 days after the operation. The heart and spleen grafts 
were present and intact, but no trace of the anal fin eould be found. The authors 
are of the opinion that the failure oi this graft to survive is more likely the result 
of injury during the operation than of immunological reaction. The second excep 
tional host, DS-c (#14), received a heart and spleen graft from DS-A/, implanted 
in close proximity. The spleen graft could be observed through the skin for five 
weeks, but when the fish was sectioned 237 days after the operation, а perfectly 
normal heart was found but no trace of the spleen. Again the authors share the 
opinion that this graft failure was not caused by an immunological reaction, but 
possibly in this case by resorption owing to the extremely small size of the graft. 

In ‘Table II are listed six "offspring to the parent” graft combinations. The 
survival of grafts in this combination is the chief criterion for the occurrence. of 
uniparental reproduction (Капап, 1962). All six fin grafts survived.  Simi- 
larly, the two “F, into nonparental Е,” combinations were also successful. 

Because of a lack of suitable fish, we could only test two “parent to offspring” 
combinations. This combination сап be used to determine whether the parent is 
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Ficure 4. Cross-section through part of a heart transplant (DS-a — D5-H ). Host 
sacrified 484 days after the operation. Х 180. 

Figure 5. Cross-section through a transplanted spleen to which inadvertently some 
pancreatic tissue adhered (NSU — NSU-H). Host sacrified 234 days after the operation. 
х 180. 

Ficgtre 6. Cross-section through the site of a disintegrated caudal fin erait (N L-ID ES 
NSU-D. The soft tissue around the fin rays has been completely destroyed and replaced by 
host connective tissue and histiocytes. Notice the remnants of the fin rays (dark-staining 
crescent-shaped structures) and the remnants of two disintegrated hypural bones. Host sacri- 


ficed 290 days after the operation. Х 180. 
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still heterozvgous with different alleles segregating during gametogenesis. If this 
is so, then certain alleles of the parent may not be represented m the offspring and 
certain tissue antigens of the parent may be "foreign" to the offspring. The off- 
spring, therefore, may reject parental tissue gralts. 1n our two combinations, 
both grafts survived. 

Iu order to determine whether any of the six wild-caught Riculus were members 
of the same clone, we performed eight interline grafts in seven out of 16 possible 
host donor combinations (Table 111). Of these, a cancdal im ога оо ао н 


TeBLE 1! 


Fate of intraline grafts in Rivulus marmoratus between hosts and donors belonging to 
different generations 











= Donor Host P | pis ^ ' may Criteria of graft survival We 
Offspring to Parent Grafts 
29 HIEN TD caudal fm + hn imbedded in musculature, 35957 
normal histology 
28 eM ЈА anal in +- au np 3 23 
29 ХА -а AE caudal fin 4 as in #27 234 
30 AU EUN AX L«NIE307 (caudal un + lin projects from body wall 613 
31 -B.A ФЕ ОЛ асла hini F asin #27 220 
оу SE ae VS BANE 266 Ж олаи: tu —- qom Do 
Parent to Offspring Grafts 
sor ea NSU-B 73 spleen um normal histology СЭ 
ТА МХЕ 507 | spleen zr normal histology 234 
linteo Nonpareil l i 
| 
35 NLNG VE-BY 538 Fanal fin + fn distorted, projects from body 92 
wall at site of implantation, 
normal histology 


зо AS- ИЧ NAG 266 сосал thui + is vo LI 


* Number of days after the operation at which hosts died or were sacrificed and condition of 
огай ascertained, 


survived in a 25 host, indicating that VSU and DS and their descendants belong 
to the same clone. All other transplants disintegrated. The caudal fin from the 
NL. donor implanted in an NSU host exhibited the chronic type of graft rejection. 
When the host was fixed 290 days after the operation and histologically examined, 
remnants of the disintegrated graft were still observed (Fig. б). The chronic 
rejection of tissue grafts is usually found in cases where host and donor differ by 
only a few histocompatibility loci; Since in uniparentally reproducing species new 
clones arise by the accumulation of mutations, the existence of clones differing from 
each other by few genes is to be expected. 
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DISCUSSION 


These results are in agreement with the conclusion that these fish are self- 
fertilizing hermaphrodites (Harrington, 1961, 1963). Since self-fertilization rep- 
resents the ultimate im inbreeding, these fish must have achieved a high degree of 
homozygosity in which identical alleles segregate during gametogenesis and the 
offspring possess a genotype identical with that of the parent. 

Billingham and Silvers (1959) have pointed out that the most sensitive indi- 
cator for homozygosity is the tissue transplantation test: Kallinan (1962) has dis- 
cussed its application to the study of uniparental reproduction in vertebrates. The 
test 15 predicated on the fact that i vertebrates tissue transplants from one indi- 
vidual to another of the same species only succeed if all, or almost all, of the donor's 
antigens are also present in the host. The presence or absence of tissue antigens 
is under the control of specific genes, called histocompatibility genes (for reviews 
ОООО СОАТ ИО ЗООС 1950). The test is valid о aimee 
number of genes are concerned with transplantation immunity, because otherwise 
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Fate of interline grafts in Rivulus marmoratus 














+ Donor | Host о n ng Criteria of gralt survival к 
Nive? C DAANG 289 # caudal fin + fin imbedded in musculature, 294p 
normal histology 
И Fl-a DS-A 306 M heart; — — no trace of grafts found in 240 
spleen serial sections 
Lit} А-а DS-ACK! 125 spleen — | asin #11 234 
М exo ЫР FT-b 155 caudal in -- as im = ll 376 
NI. ANL-AB Joc 163 heart — as in #11 230 
Vl died | 

VIEN Db Pied l63 |апаЇйп , = scar tissue present 365 
VEHI дел ы NSC -i S04 | caudal ñn; — | scar tissue present 290 
377 


BIZ oy 7b IENS B-B 266 | dorsal fin — as Hn 3250 





* See Table П. 


two individuals selected at random might be identical with respect to their histo- 
compatibility genes, vet heterozygous and thus different with respect to many other 
loci. For this test to be valid, the histocompatibility genes must also exist at least 
in two or more allelic states and be scattered randomly over the chromosomes. If 
these conditions are fulfilled, the chances that two individuals selected at random 
trom a large interbreeding population would have compatible genotypes are ex- 
tremely small. In the mouse the number of histocompatibility genes has been 
бше to be at least ОШ) (Barnes and Krohn, 1937: Peli ancho T n 
and a similar number has been reported for the rat (Billingham et al., 1962). In 
the teleost, Xiphophorus maculatus, at least twelve histocompatibility genes have 
been demonstrated (Kallman, unpublished data). 

The low estimates of four to six histocompatibility genes for the guinea pig 
(Bauer, 1960) and only three for the Syrian hamster (Billingham et al., 1960) 
should be considered in the context of the unitary origin of the strains employed. 
All laboratory strains of the Syrian hamster can be traced back to two females and 
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а single male belonging to a litter of twelve captured in 1930. The hamster strains 
that have come into existence during the last 33 vears probably have been created 
in the same way as many other laboratory strains. They have been founded by 
one, two or three breeding pairs obtained from colonies existing elsewhere. That 
this founder principle has led to a general decay of the genetic variability, accom- 
panied by the fixation of certain alleles and loss of others through genetic drift, is 
most likely. Similar results indicating a small number of histocompatibility genes 
have recently been reported by Billingham and Silvers (1963) for another sub- 
species of the hamster, M. a. brandti. Without additional experiments, however, 
it is still premature to conclude that hamsters, in contrast to mice, rats and platvfish, 
have only a few transplantation antigens. Wild-caught individuals are usually 
considered heterozygous for a large number of loci, but such an assumption may 
not always be justified and it has vet to be shown just how heterozygous hamsters 
are in nature. If the reports are true that the hamster is rather uncommon, then 
the effective breeding population. within a particular area will be relatively small, 
resulting in a certain degree of homozygosity. In this case, even the survival of 
some skin transplants exchanged among sibs of wild-caught parents could be under- 
stood. A strikingly similar situation has recently been described for two disjunct 
populations of the platvfish, Xiphophorus couchianus (Kallman, 1964). A high 
percentage of transplants exchanged among the offspring of wild-caught females 
were permanently accepted, provided the females had been collected in springs 
where the population density of this species was lowest. Similar results have been 
obtained with certain wild-caught X. cariatus and NX. maculatus (Kallman unpub- 
lished ). 

No valid estimate of the number of histocompatibilitv genes has been presented 
lor any other species, but since it 15 almost the universal experience of biologists 
that homotransplants exchanged among wild-caught animals of the same species 
or among members of heterozygous strains are rejected, it is likely that large 
numbers of histocompatibility genes are present in most species. Tissue trans- 
plantation experiments have been performed in twelve species of teleosts (for refer- 
ences see Капа 1964), all wild-caught or heterozygous stocks, but not a single 
transplant survived with the exception of those 1n X. couchianus, №. variatis and 
X. maculatus. 

The transplantation test. therefore, is valid and the survival of almost all 
intra-line grafts in Аии can be taken as excellent evidence that the descendants 
of each wild-caught fish are identical genetically and constitute a clone. No segre- 
gation of histocompatibility genes had taken place and therefore the fish were pre- 
sumably homozygous not only for these genes but for most of the genome. The last 
point, of course, cannot be settled with absolute finality, because of the logical. 
though biologically remote, possibility of an unknown mechanism that keeps these 
fish permanently heterozygous through successive generations. Conceivably such 
a mechanism would entail the nonviability of all homozygotes, but this possibility 
seems highly unlikely, since under optimum laboratory conditions, at least, with 
intensive monitoring of eggs, the number of eggs failing to develop was low. There 
is also the possibility that the eggs may develop gvnogenetically after being activated 
by the fish's own sperm. This question will have to be settled, eventually, through 
cytological analysis. 


HOMOZYGOUS CLONES IN’ Riv UBUS 111 


The prevalence of normal development in Rivulus is no serious obstacle to the 
view that these fish are homozygous. Ilomozvgositv would have been gradually 
achieved with enough time for the elimination of lethal and deleterious genes, in 
contrast to meiotic parthenogenesis in which homozygosity may be achieved in 
a single step. Salekhova (1963) reported that in Serranus scriba, artificially self- 
fertilized eggs develop normally, but better survival was obtained in cross breeding. 

Kallman (1962, 1963) showed that natural populations of M. formosa consist 
of a number of clones, the frequencies of which remained rather constant from year 
to year. It is very likely that a similar condition will be found in m oa. r Al- 
though the results of our clonal analysis are preliminary because of the sinall num- 
bers of fish, they show that at least two fish derived from parents collected in 
different places evidently helong to the same clone. Of these parents, DS and 
NSU (cf. Table Ill for their descendants used as host and donor), one was col- 
lected June 13 and the other June 24, 1960, the first to the north and the second 
to the south ot a long-established road running due east to the open lagoon and 
thus forming a barrier between north and south expanses of the marsh. Each fish 
would be trapped in the depression of the march where it was caught, except when 
high tides and heavy rains flood the marsh, which is only during the autumn months. 
The effective distance between the two fish then would involve movement east to 
the lagoon shore, north or south along the lagoon to pass the road barrier, and 
ayest in the other marsh expanse, 420 + 405 + 375 yards, or zica versa. In sun 
a minimum route of 1300 yards, open in its entirety only one season of the year, 
would have to be traversed by a fish travelling hetween these two collecting sites. 

It 1s interesting to determine whether other vertebrates that normally reproduce 
uniparentally are also homozygous. In the gynogenetic cyprinid, Carassius auratus 
gibelio, the egg nucleus is in the metaphase of the second meiotic division when the 
соат dcpocitcd sand Tertilizationetakes place Lieder, 1959). Porte minnie: 
later the second polar body 15 extruded. The female pronucleus possesses the 
haploid chromosome number, but before the first cleavage division is completed, 
the diploid condition has been reestablished. Lieder (1959) could not determine 
how this is accomplished, but states that there 1s no fusion of the egg nucleus with 
the second polar body. The diploid condition may therefore be reestablished by 
chromosome doubling without cell division and the fish, consequently. would be 
homozygous. It is not possible to determine with the transplantation test whether 
the gynogenetic teleost, M. formosa, is homozygous or heterozygous (Kallman, 
1962). Regardless of whether the fish arises from haploid or diploid eggs, parent 
and offspring possess identical genotypes and a “three-way histocompatibility" 
among parent and offspring exists. 

On the basis of a few cytological preparations it appears that individuals of the 
parthenogenetic subspecies of the lizard, Lacerta saxicola, are also homozygous. 
Darewski and Kulikowa (1961) state that the first meiotic division 15 normal and 
that the diploid condition is reestablished either as a result of the fusion of the 
products of the second meiotic division or the suppression of the first cleavage 
division. Both processes result in homozygosity. 

Several sporadic cases of uniparental reproduction in vertebrates have to be 
considered “abnormal” and these offspring all appear to be heterozygous. No 
transplantation experiments were performed with Spurway’s guppies, which аге 
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produced by self fertilization, but a segregation of pigment genes among the uni- 
parental offspring clearly indicated that they were heterozygous as expected in a 
first, "selied generation. 

The heterozygous nature of male parthenogenetic turkeys was proven by trans- 
plantation tests. Меде ef al, (1962) shéaved that there existed only a one-way 
histocompatibilitv" between parthegenones and parent; grafts from the offspring 
survived im their respective parents, but all parental grafts were rejected by the 
offspring, as were grafts between parthenogenetic sibs. Chromosome segregation, 
therefore, had taken place and parent and offspring did not possess identical geno- 
types. The question whether the parthegenones were homozygous or heterozygous 
was settled by an additional transplantation experiment (Poole et al., 1963). Off- 
spring sired by the parthegenones rejected grafts from their male parent. This 
clearly indicated that the parthegenones were heterozygous. 

In Gambusia affinis a similar “one-way histocompatibihtv between partheno- 
genetic offspring and parent was observed by Kallman and Kilby (unpublished ). 
Only graits from offspring to parent survived. Whether these fish were homo- 
zvgous or heterozygous could not be determined since the parthegenones failed 
to reproduce. 


SUMMARY 


1. Since self-fertilization constitutes the ultimate basis of inbreeding, а species 
or race of self-fertilizing hermaphrodites should consist of clones, all members ої 
which possess identical genotypes and are homozygous. This prediction has been 
tested on a recently discovered population of Rivulus marmoratus from the east 
coast of Florida. AI wild-caught specimens of this population tested so iar have 
proved to be hermaphrodites. Those kept in isolation in aquaria, and their. her- 
maphrodite descendants kept in isolation ab ovo, have reproduced by self-fertih- 
zation. 

2. The transplantation test has been used to determine whether fish that had 
descended from the same wild-caught progenitor possess identical genotypes. Fins, 
spleens and hearts were transplanted in 36 different host-donor combinations in- 
volving six different. lines (sib to sib, parent to offspring, offspring to parent). 
Only two transplants failed to survive, but their loss inay have been due to 
mechanical reasons. These results are in accordance with the theoretical prediction 
that these пеп are kigel оох gous. 

3. Transplants were performed in seven different inter-line combinations. Of 
these only a single graft survived, indicating that the fish collected on different days 
in different places belonged to the same clone. 
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